BACKGROUND: the unique surgical challenges of proctectomy may be amplified in obese patients. We examined surgical outcomes of a large, diverse sample of obese patients undergoing proctectomy. OBJECTIVE: the purpose of this work was to determine whether increased Bmi is associated with increased complications in proctectomy.
R ectal surgery presents unique challenges; the restrictive anatomy of the pelvis, the necessity for extensive yet precise dissection, and the disease profile of patients requiring rectal surgery all contribute to a complication rate that has been reported at 30% to 50%, [1] [2] [3] [4] substantially higher than the 10% to 12% rate cited for general surgery procedures overall. 5 the technical difficulties of proctectomy are often exacerbated by obesity. the limiting pelvic confines can be further restricted by visceral adiposity, a bulky mesentery can reduce mobility, and a thickened abdominal wall can complicate ostomy formation. 3, 6 although many surgeons acknowledge the challenges of proctectomy in the obese, disagreement exists in the literature regarding the effect of obesity on outcomes. although some authors report higher rates of anastomotic leak, postoperative hemorrhage, and wound infection in obese patients (defined as Bmi >27) undergoing proctectomy compared with matched normal-weight control subjects, 7 others found no difference in complications between patients with a Bmi ≥30 undergoing iPaas and matched normal-weight control subjects. 3 similarly in rectal cancer patients, some series have reported no differences in complications in patients with a Bmi more or less than 30, 2 whereas others comparing obese patients (Bmi ≥30) and matched normal-weight control subjects undergoing surgery for midrectal and low rectal cancer found that obese patients were significantly more likely to have anastomotic leaks but otherwise had no differences in perioperative outcomes or in 5-year overall and disease-free survival. 6 such disparate findings may arise from studies based in single-institution data or because of the definition of obesity as a yes-or-no value, potentially masking differences between degrees of obesity. furthermore, many studies have focused only on patients undergoing resection for rectal cancer, 1, 2, 6, [8] [9] [10] [11] [12] [13] [14] with few reporting on resections performed for other indications, such as iBD or diverticular disease. 3, 7, [15] [16] [17] as rates of obesity show no signs of decreasing, 18 surgeons must thoroughly understand the surgical risk profile of these patients to best care for them. to facilitate understanding of the risks associated with proctectomy performed for a range of indications in obese populations, we analyzed proctectomy data from the american College of surgeons national surgical Quality improvement Program (nsQiP). the nsQiP database abstracts data using validated methodology from the medical charts of patients at more than 200 participating hospitals, encompassing demographics, preoperative risk factors, and a range of 30-day postoperative complications. 19, 20 We hypothesized that increasing Bmi would be associated with increasing complications in proctectomy.
MATERIALS AND METHODS

Patients
Data were obtained from the american College of surgeons nsQiP Participant use Data file for 2010 and 2011, encompassing all of the data available since adoption of improved reporting of bleeding complications. 20 Proctectomy procedures performed by a general surgery (including colorectal surgery) primary team and included in the nsQiP proctectomy basket of Current Procedural terminology codes were organized into 16 procedure groups (table 1) . 5 in consideration of the different risk profiles of patients undergoing surgery for rectal prolapse, 21 these patients were excluded unless diagnoses other than rectal prolapse were specified. emergency cases and patients requiring chronic ventilator use were excluded. this study was deemed exempt by the university of iowa institutional Review Board.
Variables more than 50 preoperative and intraoperative variables were analyzed for contributions to more than 25 complication and other outcome categories as defined by nsQiP. 20 outcomes recorded were within 30 days after operation. similar risk factors with less than 5 cases were collapsed into composite variables where applicable. Variables with less than 5 cases were censored. laboratory values that were available for <90% of cases were not included. Bmi categories were defined according to the World health organization as underweight (<18.5); normal (18.5-24.9); overweight (25.0-29.9); and class i (30.0-34.9), class ii (35.0-39.9), and class iii (≥40.0) obesity. 22 ages >90 years are recorded in the nsQiP database as "90+" and were considered to be 90. the primary outcome measure of any complication was a composite of whether any of the 21 recorded nsQiP infectious, pulmonary, cardiac, neurologic, or other complications or reoperation had occurred. secondary outcomes included operative time, length of hospital stay, and readmission within 30 days (readmission data available only for 2011). Postoperative diagnoses were categorized as malignant, benign, or iBD. With increasing weight class, patients were less likely to have a postoperative diagnosis of iBD and more likely to have either a benign process or malignancy as the diagnosis associated with the procedure. overweight and obese patients were significantly more likely to have diabetes mellitus and hypertension, . operative times were significantly longer in the overweight and obese groups. length of stay was different only for the underweight group; there was no difference in the length of stay or rate of readmission for overweight and obese patients. on multivariate analysis, after controlling for confounding variables, factors independently associated with complications at p < 0.05 included obesity classes i-iii, patient age, steroid/immunosuppression use, dyspnea, smoking, and the primary procedure performed (table 4) . Class ii obesity was associated with the highest risk of any complication (oR 1.99, 95% Ci 1.54-2.54), although class i and class iii were also significantly associated with a higher risk of complications (oR 1.36, 95% Ci 1.14-1.62; and oR 1.42, 95% Ci 1.02-1.96). Diabetes was not independently predictive of complications, possibly because of its colinearity with obesity. the primary procedure performed was significantly associated with the risk of complications, with some procedures conferring a higher risk and some a lower risk than the reference procedure, (table 5) , and these effects were accounted for in the primary procedure variable of the multivariate model. increasing age and higher preoperative white blood cell counts were associated with an increased risk of complications, whereas higher preoperative hematocrits were associated with a decreased risk of complications. Postoperative diagnosis (cancer/iBD/benign) was not associated with complications on univariate analysis (41%, 39%, and 39%; p = 0.32) and was not included in the multivariate model. Whether patients received chemotherapy or radiation before surgery also showed no significant association with complications in this population (39 vs 40% morbidity, p = 0.4).
DISCUSSION
from these nsQiP data, we conclude that obesity (Bmi ≥30) is independently and significantly associated with increased complications in proctectomy. although the risk of complications generally increased with increasing weight, as we hypothesized, it was class ii obese patients who unexpectedly had the highest rate of complications. additional independent predictors of complications in this population include increasing age, smoking, steroid/ immunosuppression use, preoperative dyspnea, and the primary procedure performed. Reports of the relationship between obesity and complications in rectal surgery have been mixed. multiple studies found no association between obesity and increased complications. [1] [2] [3] 10, 12 Conversely, a number of investigators have found that obese patients undergoing rectal surgery have increased complications compared with their normal-weight counterparts. [6] [7] [8] [9] 13, 17 our analysis supports that an obese Bmi is a significant marker of risk in proctectomy, because class i, ii, and iii obese patients had significantly higher rates of complications compared with normal-weight patients (44.0%, 50.8%, and 46.6% vs 38.1%; p < 0.05), even after controlling for differences in procedures performed, open versus laparoscopic approach, and preoperative characteristics. obesity has been linked to surgical site infection 8, 9, 17 and to markers of technical difficulty, such as longer operative times. 1, 3, 9, 24 in our analysis, superficial wound infection rates were significantly higher in class i, ii, and iii obese patients versus normal-weight patients (11.6%, 17.8%, and 13.0% vs 8.0%; p < 0.0001). similarly, operative times were significantly prolonged in class i, ii, and ii obese patients, confirming the connection of these factors with high Bmi.
a strength of our analysis is its ability to assess the effects of degrees of obesity. studies examining obesity and surgical outcomes have often dichotomized patient weights, categorizing patients as either obese or not obese. 1, 3, 6, 17 this may blur distinctions between groups and make it more challenging to discern differences. By separating patients per World health organization-defined weight classes, we were able to identify that class ii obese patients had the highest complication rates. this important finding ran contrary to our expectation that the heaviest patients (who also had the highest rates of diabetes mellitus, cardiovascular disease, and antihypertensive medication use) would have the most complications. Worse peripheral tissue perfusion, higher intra-abdominal pressure, and greater immobility compared with normal-Bmi patients could be expected to contribute to the significantly higher rates of surgical site infection, dehiscence, and pulmonary embolism in class ii obese patients. it is less clear why these same factors, which should be even more pronounced in class iii obese patients, failed to produce still higher morbidity rates in patients with Bmis >40.
Differences in preoperative risk factors existed between class ii and iii obese patients. the class ii obesity group had more patients on steroids/immunosuppression and had an older median age, both of which independently predicted complication risk. however, class iii had more patients with dyspnea, smoking history, and a contaminated or dirty wound, which were also independently associated with risk of complications. Class ii obese patients differed in the primary procedures performed as well. although the top 3 procedures performed were the same for both class ii and class iii, 27.2% of class ii obese patients underwent pouch creation compared with 19.3% of class iii patients. in addition, class ii obese patients had the highest rate of additional procedures performed concurrently with the primary procedure (78.1%), a rate much higher than for class iii patients (71.1%). although it is tempting to speculate that these demographic and risk differences accounted for the differences in morbidity rates, all of these variables, including the different rates of laparoscopic versus open surgery, were included in the multivariate model. the resulting risk adjustment should correct for different rates of risk factors between weight classes. that class ii obesity persisted as a strong predictor of complications after multivariate adjustment suggests that either the risk conferred by obesity truly peaks between Bmi 35.0 and 39.9 and then declines or that additional factors not captured in our data influence complication rates. We favor the latter explanation and postulate specifically that unmeasured selection bias applied to the extremely obese patients (Bmi >40) may account for their lower complication rate. in other words, surgeons may offer more technically complex or higher risk procedures to patients with a Bmi between 35.0 and 39.9 while pursuing more limited procedures or even nonoperative management for class iii obese patients because of a correct belief that they are at high risk for complications. although these data cannot determine with certainty whether such biases exist, the lower rates of pouches and additional procedures performed in class iii obese patients compared with class ii patients could indicate a more conservative approach. if true, this hypothesis suggests that further research into patient and procedure selection in class iii obesity might identify factors that allow surgeons to achieve a lower complication rate in class iii than in class ii obese patients. furthermore, class ii obese patients, who are at the highest risk for complications, might benefit from application of these more stringent selection criteria. limitations of our results include their retrospective nature, which prevents us from determining causation. the characteristics of weight classes varied with regard to sex, age, postoperative diagnosis, and rates of laparoscopic and additional procedures performed. this is particularly relevant to the question of laparoscopic procedures, which have been associated with lower infection rates in colorectal surgery. 25 although laparoscopy was associated with lower complications in this study, to what degree these represent selection biases is unknown, and it cannot be determined from these nonrandomized data whether laparoscopy is safer. inclusion of many procedures is both a strength and a weakness of this analysis. Because our goal was to comprehensively evaluate the impact of Bmi in proctectomy, we chose to not limit our inclusion to particular procedures or diagnoses. this allows conclusions to be drawn over a broader swath of rectal surgery but at the same time may lose distinctions evaluable in a more narrowly defined patient group.
the data contained in nsQiP determine the questions that it can answer. emerging evidence suggests that not only Bmi, but also how adiposity is distributed (ie, visceral versus subcutaneous fat), may influence surgical risk. Compared with subcutaneous adiposity, visceral fat causes greater obesity-related metabolic perturbations, such as inflammation, insulin resistance, and aberrant adipokine levels. 11 nsQiP data do not capture that information; thus, we were only able to analyze by Bmi. similarly, the recorded primary Current Procedural terminology code fails to define differences within that procedure, such as the extent of dissection or resection or whether a diverting stoma was performed. Because ileostomy creation has been reported as a risk factor for readmission, 26 distinguishing anastomoses with and without diversion in nsQiP would bolster opportunities for studying this important and increasingly benchmarked complication. finally, whether patients experiencing short-term morbidity experience long-term sequelae, such as delayed cancer treatment or increased future interventions, cannot be evaluated from these data. Determining the long-term impact of the high morbidity rate of class ii obese patients represents a promising target for further research.
a strength of nsQiP data is their origin in the diverse, national population of nsQiP-participating institutions. although previous authors have reported results of procedures performed in obese patients, they usually represent single-institution experiences at specialized, high-volume colorectal surgery centers. in contrast, this analysis provides a snapshot of outcomes for a range of proctectomy procedures from numerous centers, both specialized and general, making its conclusions more generalizable.
Conclusions
obesity was an independent predictor of complications in patients undergoing proctectomy. Class i, ii, and iii obese patients were significantly more likely than normal-Bmi patients to experience morbidity, but class ii obese patients had the greatest rate and risk of morbidity. surgeons are cautioned that patients with a Bmi between 35.0 and 39.9 face an exceedingly high risk of complications and should weigh this when deciding whether to operate and which procedure to perform. further study of the reasons for the dramatically higher morbidity rate of class ii obese patients and the long-term impact of high 30-day morbidity in proctectomy will be useful for patient selection, patient counseling, and operative planning.
